A double-stranded DNA rotaxane.
Mechanically interlocked molecules such as rotaxanes and catenanes have potential as components of molecular machinery. Rotaxanes consist of a dumb-bell-shaped molecule encircled by a macrocycle that can move unhindered along the axle, trapped by bulky stoppers. Previously, rotaxanes have been made from a variety of molecules, but not from DNA. Here, we report the design, assembly and characterization of rotaxanes in which both the dumb-bell-shaped molecule and the macrocycle are made of double-stranded DNA, and in which the axle of the dumb-bell is threaded through the macrocycle by base pairing. The assembly involves the formation of pseudorotaxanes, in which the macrocycle and the axle are locked together by hybridization. Ligation of stopper modules to the axle leads to the characteristic dumb-bell topology. When an oligonucleotide is added to release the macrocycle from the axle, the pseudorotaxanes are either converted to mechanically stable rotaxanes, or they disassemble by means of a slippage mechanism to yield a dumb-bell and a free macrocycle. Our DNA rotaxanes allow the fields of mechanically interlocked molecules and DNA nanotechnology to be combined, thus opening new possibilities for research into molecular machines and synthetic biology.